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(54) Secondary side post regulator and multiple output power supply employing the same 


(57) A secondary side post regulator (SSPR) (340) 
is provided for secondary side post regulating a multiple 
output power converter (300). In one embodiment, the 
SSPR includes: (1 ) an average input current sensing cir- 
cuit that senses a current flowing through a switch (Q1) 
to be controlled in the multiple output power converter 
and develops therefrom an intermediate signal that is a 
function of an average of the current and (2) an input 


voltage feedforward circuit, coupled between an input 
of the multiple output power converter and the average 
input current sensing circuit, that adjusts the intermedi- 
ate signal based on an input voltage of the multiple out- 
put power converter to develop a control signal that is a 
function of both the input voltage and the average of the 
current thereby to allow trailing edge control (330) to be 
employed to control an output of said multiple output 
power converter. 



Printed by Jouve. 75001 PARIS (FH) 


1 


EP 0 939 483 A2 


2 


Description 

Technical Field of the Invention 

[0001] The present invention is directed, in general, 
to power conversion and, more specifically, to a second- 
ary side post regulator (SSPR) and a multiple output 
power supply that employs such regulator. 

Background of the Invention 

[0002] Switch mode power converters (SMPC) that 
convert AC or DC input power into DC output(s) fre- 
quently have multiple outputs. These outputs are often 
derived from multiple secondary windings on a single 
power transformer. In a SMPC, the primary winding of 
the power transformer is switched or commutated to the 
input voltage source by power switches in such a way 
as to provide pulses at the appropriate current and volt- 
age levels on the secondary outputs. The DC secondary 
outputs are formed via rectification and subsequent fil- 
tering of the pulse train on the transformer secondaries. 
Each DC output voltage level depends on a turns ratio 
of the respective secondary windings to the primary 
winding as well as the ratio, of the pulse width to the 
switching period. 

[0003] The DC output voltages are then directly or in- 
directly regulated by a control feedback circuit. Direct 
regulation occurs when the feedback circuit senses at 
least one ol the DC outputs (usually called the main out- 
put) and then modifies the switching pattern of the power 
switches to compensate for changes in the load or in the 
input voltage, thereby keeping the DC voltage level on 
the regulated main output relatively constant. There are 
many possible methods ol SMPC regulation including, 
for instance, pulse width modulation (PWM). PWM, as 
a matter of fact, is one of the more widely used control 
and switching methods. 

[0004] The SMPC feedback control usually provides 
quite an adequate technique of regulating the main out- 
put. In the case of PWM control, the load current varia- 
tions or the input voltage variations are compensated by 
the feedback control loop and the proscribed output volt- 
age level is maintained. In such an arrangement, how- 
ever, the auxiliary outputs do not have the full benefits 
of the main feedback loop regulation. Although the main 
feedback loop p/ovides some measure of regulation 
(cross-regulation) to the auxiliary outputs due to trans- 
former coupling, in many cases this is inadequate and 
some additional techniques are needed to regulate the 
auxiliary outputs (post-regulation). 
[0005] A typical approach to leedback control for a 
secondary side post regulatpr (SSPR) is to employ peak 
curreni-mode conlroi (PCM) of the primary side switch 
of the SMPC, which permits cycle-by-cycle current lim- 
iting ai^d overcurrent protection, Since the reflected out- 
put currents flow through the primary side switch, how- 
ever. the secondary side switches must be simultane- 


ously turned off with the primary side switch to ensure 
that the PCM control scheme will function properly. The 
simultaneous switching requirement limits the control- 
ling of the secondary side switches to a leading-edge 

5 modulation scheme. 

[0006] The use of a leading-edge modulation scheme 
whereby the leading-edge ot the secondary side drive 
signal is modulated, however, introduces dynamic cou- 
pling and synchronization problems. The dynamic cou- 

^0 piing between the secondary outputs allows perturba- 
tions or disturbances in one output to affect the other 
outputs. Additionally, since both trailing and leading 
edges of the secondary side drive signals are modulat- 
ed, the primary and secondary side switches cannot be 
synchronized, resulting in increased electro-magnetic- 
inlerference (EMI) from the different switching frequen- 
cies. 

[0007] Accordingly, there is a need in the art for an 
improved system and conirol method for secondary side 
20 post regulation that overcomes the above-described 
limitations. 

Summary of the Invention 

25 [0008] To address the above-discussed deficiencies 
of the prior art, the present invention provides, for use 
with a multiple output power converter, a secondary side 
post regulator (SSPR), a method of secondary side post 
regulating a multiple output power converter and a mul- 
30 tiple output power converter employing the SSPR or the 
method. In one embodiment, the SSPR includes: (1 ) an 
average input current sensing circuit that senses a cur- 
rent flowing through a switch to be controlled in the mul- 
tiple output power converter and develops therefrom an 
35 intermediate signal that is a function of an average of 
the current and (2) an input voltage feedfonward circuit, 
coupled between an input" of the multiple output power 
converter and the average input current sensing circuit, 
that adjusts the intermediate signal based on an input 
40 voltage of the multiple output power converter to devel- 
op a control signal that is a function of both the input 
voltage and the average of the current thereby to allow 
trailing edge control to be employed to control an output 
or outputs of said multiple output power converter. 
45 [0009] The present invention therefore introduces an 
SSPR control technique that includes a forward-fed- 
component of the multiple output power converter's in- 
put voltage. By adjusting the intermediate signal by the 
input voltage^ trailing edge modulation control can be 
50 made to replace conventional leading edge PCM control 
techniques without sacrificing cycle-by-cycle current 
limiting or overcurrent protection. 
[0010] In one embodiment of the present invention, 
the average input current sensing circuit comprises: (1 ) 
55 a current sensor that senses the current flowing through 
the switch and (2) a charge storage device, coupled to 
the current sensor, that accumulates charge as a func- 
tion of a magnitude of the current, a voltage of the 
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charge storage device indicating the average of the cur> 
rent. In a related, more specific ennbodiment. the aver- 
age input current sensing circuit further comprises a re- 
set switch that intermittently discharges the charge stor- 
age -device. In still another related, more specific em- 
bodiment, the average input current sensing circuit com- 
prises a diode that blocks a reverse flow of the charge 
from the charge storage device to the current sensor. In 
these embodiments, the intermediate signal lakes the 
form of a ramp having an attack rate that is a function 
of converter average switch current and a relatively 
quick decay rate (brought about by closure of the reset 
switch). 

[0011] In one embodiment of the present invention. 

the input voltage feedfonft/ard circuit comprises a scaling 
resistor that scales the input voltage of the multiple out- 
put power convener to provide an input voltage DC off- 
set. 

[0012] In one embodiment of the present invention, 
the SSPR further includes a PWM drive circuit that de- 
velops a PWfvl signal based on the control signal. Those 
skilled in the art are familiar with PWM control. Other 
modulation control falls within the broad scope of the 
present invention. 

[0013] The foregoing has outlined, rather broadly, 
preferred and alternative features of the present inven- 
tion so that those skilled in the art may better understand 
the detailed description of the invention that follows. Ad- 
ditional features of the invention will be described here- 
inafter that form the subject of the claims of the inven- 
tion. Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific 
embodiment as a basis for designing or modifying other 
structures tor carrying out the same purposes of the 
present invention. Those skilled in the art should also 
realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its broadest 
form. 

Brief Description of the Drawings 

[0014] For a more complete understanding of the 
present invention, reference is now made to the follow- 
ing descriptions taken in conjunction with the accompa- 
nying drawings, in which: 

FIGURE 1 illustrates a schematic diagram of a con- 
. yentional multiple output DC/DC power converter 
'with a secondary side post regulator (SSPR); 
FIGURE 2 illustrates primary and secondary side 
drive signals and a current waveform through the 
primary side switch. of the converter of FIGURE 1 ; 
FIGURE 3 illustrates a schematic diagram of an em- 
bodiment of a multiple output DC/DC power con- 
. verier employing" an ernb'obiment of a secondary 
side post regulator (SSPR) constructed according 
to the principles of the present invention; 
. FIGURE 4 illustrates a schematic diagram of the 


secondary side post regulator control circuit of FIG- 
URE 3; and 

FIGURE 5 illustrates exemplary current, voltage, 
control and drive waveforms for various compo- 
5 nents in the power converter of FIGURE 3. 

Detailed Description 

[0015] Referring initially to FIGURE 1 , illustrated is a 

w schematic diagram of a conventional multiple output 
DC/DC power converter 100 with a secondary side post 
regulator (SSPR). The power converter 100 is shown 
with first and second output circuits 110. 120, which pro; 
vide first and second DC output voltages Vol , Vo2, re- 
speclively. The switching of a primary side switch Q1 is 
typically controlled using a conventional peak current 
mode (PCM) controller, which permits cycle-by-cycle 
current limiting and overcurrent protection. Since both 
of the reflected output currents In the first and second 

20 output circuits 110, 120 flow through the primary side 
switch Q1 when primary side switch Q1 is ON, i.e. con- 
ducting, a secondary side switch Q2 must be turned 
OFF, i.e. not conducting, simultaneously with the prima- 
ry side switch Q1 to ensure that the PCM control scheme 

25 employed to control the switching of the primary side 
switch Q1 is functioning properly. The above described 
requirement that both primary and secondary side 
switches Q1, Q2 be turned OFF simultaneously limits 
controlling the secondary side switch Q2 with a leading- 

30 edge modulation scheme. The limitations of the above 
control scheme for SSPR will be described in greater 
detail with respect to FIGURE 2 and with continuing ref- 
erence to FIGURE 1. 

[0016] Turning now to FIGURE 2, illustrated are pri- 
3S mary and secondary side drive signals 210, 220 and a 
current waveform 230 through the primary side switch 
Q1 of the converter 100 of FIGURE 1 . The primary and 
secondary side drive signals 210, 220 are used to con- 
trol the switching of the primary side switch 01 and the 
40 secondary side switch 02, respectively The current 
waveform 230 illustrates a current ij„ flowing through the 
primary side switch 01. 

[0017] The use of a leading-edge control scheme tor 
the secondary side switch Q2 Introduces dynamic cou- 

45 piing and synchronization problems. Since the leading- 
edge of the secondary side drive signal 220 is modulat- 
ed, perturbations or disturbances in the first output cir- 
cuit 110 also affect the other output circuit. Furthermore, 
since both trailing and leading edges of the secondary 

so side drive signal 220 are modulated, the primary and 
secondary side switches Ql, Q2 cannot be synchro- 
nized resulting in increased electro-magnetic-interfer- 
ence (EMI) from the different switching frequencies. 
[0018] Replacing the secondary side switch 02 lead- ' 

55 ing-edge control scheme with a trailing-edge control 
scheme to overcome the previously described limita- 
tions, however, precludes the use of PCM control of the 
primary side switch Ql. Since. both of the reflected oul- 
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put currents in the first and second output circuits 110, 
120 flow through the primary side switch Q1 when pri- 
mary side switch Q1 is conducting, the secondary side 
switch Q2 must be turned OFF simultaneously with the 
prinnary side switch Q1 to ensure that the PCM control 
scheme employed to control the switching of the prinnary 
side switch Q1 is functioning properly The first and sec- 
ond output circuits 1 10, 1 20, however, are typically sup- 
plying different electrical loads with differing power re- 
quirements. The differing power requirements, in turn, 
results in the different duty cycles of the primary and 
secondary side switches Q1, Q2, as illustrated by the 
primary and secondary side drive signals 210, 220 in 
FIGURE 2. if atrailing-edge control scheme is employed 
to control the secondary side switch Q2, i.e, both the 
primary and secondary side switches Ql , Q2 are turned 
on at the same time, the primary and secondary side 
switches Ql , Q2 may not be turned OFF at the same 
time due to the different duty cycles of the switches. 
Thus, the above described requirement that both prima- 
ry and secondary side switches Q1 , Q2 be turned OFF 
simultaneously limits controlling the secondary side 
switch 02 with a leading-edge modulation scheme. 
Consequently, there is a problem with employing trailing 
edge modulation control methods with PCM control 
techniques of the primary switch Ql that cannot be re- 
solved in view of the conventional circuits. 
[0019] The present invention discloses an SSPR con- 
trol technique that includes a forward-fed component of 
the power converter's input voltage. By integrating the 
primary side switch's Ql current and adjusting the inter- 
mediate signal by the input voltage, trailing edge mod- 
ulation control can be made to replace conventional 
leading edge control techniques without sacrificing the 
advantages, for instance, of PCM control, e.g., cycle- 
by-cycle current limiting or overcurrent protection. 
[0020] Turning nowto FIGURE 3, illustrated is a sche- 
matic diagram- of an embodiment of a multiple output 
DC/DC power converter 300 employing an embodiment 
of a secondary side post regulator (SSPR) 340 con- 
structed according to the principles of the present inven- 
tion. The power converter 300 includes first and second 
output circuits 310. 320, that are coupled to a power 
transformer 350, which provide first and second DC out- 
put voltages Vol, \/o2. respectively The power trans- 
former 350 is coupled to an Input voltage source Vin and 
a primary side switch Ql that is coupled to a control cir- 
cuit 340. In the illustrated embodiment a two output con- 
verter is shown, however, the present invention is not 
limited to a two-output power converter. The second out- 
put circuit 320 employs a conventional trai ling-edge 
controller 330 to control the switching of a secondary 
side switch 'Q2 while the SSPR control circuit 340 is 
used to control the switching of the primary side switch 
Ql. 

[0021] Turning now to FIGURE 4, illustrated is a sche- 
matic diagram of the SSPR control circuit 340 of FIG- 
URE 3. The control circuit 340 includes a current sensor 


Tc (a current transformer is shown) that is coupled to a 
diode Dt, a charge storage device Ct (a capacitor is 
shown) and a reset switch Qa. The current sensor TC. 
diode Dt, capacitor Ct and reset switch Qa comprise an 
5 average input current sensing circuit 420. The diode Dt 
is also coupled to a first scaling resistor Ry which is cou- 
pled to the input voltage Vin through a second scaling 
resistor Rx, An input voltage feedforward circuit 430 in- 
cludes the first and second scaling resistors Rx, Ry The 
TO first and second scaling resistors Rx, Ry are also cou- 
pled to a peak current mode (PCM) controller (e.g., a 
manufacturer model number UC3842, by Unitrobe Cor- 
poration of Merrimack, New Hampshire) 410. The aver- 
age input current sensing circuit 420, in combination 
15 with the input voltage feedforward circuit 430, provides 
a control signal Vx to the controller 410. While the peak 
current mode controller 410 is a Unitrobe UC3642 inte- 
grated circuit employing a pulse-width-modulation 
(PWM) drive signal to the primary side switch Ql , other 
peak current mode controllers are well within the broad 
scope of the present invention. 
[0022] The operation of the control circuit 340 will be 
described in greater detail with reference to FIGURE 5 
and with continuing reference to FIGURES 3 and 4. 
[0023] Turning, now to FIGURE. 5. Illustrated are ex- 
emplary current, voltage, control and drive waveforms 
for various components in the power converter 300 of 
FIGURE 3. First, second and third drive waveforms 5 10, 
520, 530 are drive signals used to control the primary 
side switch Ql , the reset switch Qa and the secondary 
side switch Q2. respectively A fourth waveform 540 rep- 
resents a current ij^ through the primary side switch Ql 
and a fifth waveform 550 represents a charge Vt across 
the capacitor Ct. A sixth waveform 560 represents the 
control signal Vx. 

[0024] The current sensor Tc senses the current i^^ 
through the primary side switch Ql when the primary 
side switch Q1 is ON and the sensed current Is used to 
charge the capacitor Ct. As the primary side switch cur- 
rent increases, the charge Vt on the capacitor Ct also 
increases with time since it is proportional to the area 
under the current ij„ waveform, as illustrated by the 
fourth and fifth waveforms 540. 550. When the primary 
side switch Ql is turned off. the reset switch Qa is turned 
ON (the primary side switch Ql and reset switch Qa are 
operated in a complementary fashion) and the capacitor 
Ct is discharged to zero. The charge Vt is proportional 
to the average input current I in of the power converter 
300 and since the capacitor Ct Is discharged at the end 
of every switching cycle, the current ijp is also averaged 
on a per cycle basis. 

[0025] The charge Vt, however, cannot be used as the 
control signal because cycle-by-cycle current limiting 
"and over current protection cannot be achieved under 
these circumstances. More specifically, since limiting 
the charge Vt only limits the average input current I in, 
the charge Vt does not account for the variations in input 
voltage thereby leading to the aforementioned limita- 
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tions. To incorporate the effect of input line voltage, an 
input voltage feedforward signal is used in the SSPR 
control scheme. The control signal Vx is a linear combi- 
nation ot the input voltage Vin and the average input cur- 
rent I in, and is described by the foilowing equation: 


Vx = k1.Vin-i-k2.lin 


(1) 


where k1 and k2 are variables. The input voltage Vin 
and average input current iin must also satisfy the power 
balance equation: 


Vin. Iin = Po/r] 


(2) 


where Po is the output power of the converter and t\ is 
the efficiency ot the converter. Substituting equation (2) 
into (1), we have: 


K = ^in+ T7-^ 


(3) 


By limiting the control signal Vx, a cycle-by-cycle con- 
stant power limiting control is obtained. The values of 
the variables k1 , k2 can solved by setting equation (3) 
equal to one at the input voltage minimum and maximum 
Vin.min, Vin, max. respectively. For the control circuit 
340 illustrated in FIGURE 4: 


making each output less susceptible to disturbances or 
perturbations occurring in another output circuit. Addi- 
tionally removing the requirement that the switches be 
turned OFF simultaneously also allows the primary and 
5 secondary side switches to be synchronized, i.e., turn- 
ing both primary and secondary side switches ON at the 
same time, which in turn will reduce the EMI generated 
by the power converter. 

[0027] Exemplary embodiments ot the present inven- 

10 tion have been illustrated above with reference to spe- 
cific electronic components. Those skilled in the art are 
aware, however, that components may be substituted 
(not necessarily with components of the same type) to 
create desired conditions or accomplish desired results. 

75 For instance, multiple components may be substituted 
for a single component and vice-versa. Finally, those 
skilled in the art are aware thai even though only one 
type of power converter was referenced above, other 
converter topologies are also within the broad scope of 

20 the present invention. 

[0028] For a better understanding of power electron- 
ics, power converter topologies, such as forward power 
converters, and control circuits, see: Principles of Power 
Electronics, by J. Kassakian and M. Schlecht, Addison- 

2S Wesley Publishing Company (1991). which is incorpo- 
rated herein by reference. 

[0029] Although the present invention has been de- 
scribed in detail, those skilled in the art should under- 
stand that they can make various changes, substitutions 
30 and alterations herein without departing from the spirit 
and scope of the invention in its broadest form. 
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Where is the turns ration for the current transformer 
Tc and T^ is the switching period of the primary side 
switch Q1. The values of the first and second scaling 
resistors Rx, Ry and the capacitor Ct can be determined 
after solving for the variables k1 , k2. 
[0026] From the above, it is apparent that the present 
invention provides a control system employing a control 
signal that is a function of both the input voltage and the 
average of the current. The present invention uses the 
integration of a primary side switch current, i.e., charge 
VI. and an input voltage feedforward signal to control 
the switching of the primary side switch. Since the inte- 
gration of the primary side switch's current, or the total 
charge, is monotonically iricreasing at the time the pri- 
mary side switch is turned OFF, cycle-by-cycle current 
' limiting and overcurrent protection can be obtained with- 
. out requiring both primary and secondary side switches 
to be simultaneously turned OFF as with PCM control. 
Removing the requirement that the switches be turned 
OFF' simultaneously permits trailing edge control to be 
employed to control an output or outputs ot multiple out- 
put power converters Consequently, the dynamic re- 
sponses between the multiple outputs are decoupled. 
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Claims 

1. For use with a multiple output power converter, a 
secondary side post regulator (SSPR), comprising: 

an average input current sensing circuit that 
senses a current flowing through a switch to be 
controlled in said multiple output power con- 
verter and develops therefrom an intermediate 
signal that 'is a function of an average of said 
current; 

an input voltage feedtonward circuit, coupled 
between an input of said multiple output power 
converter and said average input current sens- 
ing circuit, that adjusts said intermediate signal 
based on an input voltage of said multiple out- 
put power converter to develop a control signal 
that is a function of both said input voltage and 
said average ot said current thereby to allow 
trailing edge control to be employed to control 
an output of said multiple output power convert- 
er. 

2. A SSPR as claimed in claim 1 wherein said output 
- of said multiple output power converter is controlled 
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with a trailing-edge controller. 

3. For use with a multiple output power converter, a 
method of achieving secondary side post regula- 
tion, comprising the steps of: 

sensing a current flowing through a switch to 
be. controlled in said multiple output power con- 
verter; 

developing from said current- an intermediate 
signal that is a function of an average of said 
current; and 

Adjusting said intermediate signal based on an 
input voltage ot said multiple output power con- 
verter thereby to allow trailing edge control to 
be employed to control an output of said multi- 
ple output power converter. 

4. A method as claimed in claim 3 wherein said step 
of developing comprises the step of accumulating 
charge as a function of a magnitude of said current 
in a charge storage device, a voltage of said charge 
storage device indicating said average of said cur- 
rent. 

5. A method as claimed in claim 4 wherein said step 
of developing comprises the step of intermittently 
discharging said charge storage device. 

6. A method as claimed in claim 4 wherein said step 
of developing comprises the step of blocking a re- 
verse flow of said charge from said charge storage 
device to said current sensor 

7. A method as claimed in claim 3 wherein said step 
of adjusting comprises the step of scaling said input 
voltage of said multiple output power converter 

8. A method as claimed in claim 3 comprising the step 
of developing a pulse-width-modulated (PWM) sig- 
nal based on said intermediate signal. 

9. A multiple output power converter, comprising: 

an input that receives electric power to be con- 
verted; 

a power transformer, coupled to said input, that - 
transfers said electric "p.dwer from a primary 
side to a secondary side thereof, 
first output circuit, coupled to said power trans- 
fomner. that converts a first portion of said elec- 
tric power and provrdes said first portion to a 
first output of said multiple output power con- 
verter; . . • . ' * ■ 
second output circuit, cOupled to said power 
transformer, that converts a second portion of 
said electric power and provides said second 
portion to a second output of said multiple out- 


put power converter; and 
a secondary side post regulator (SSPR) for reg- 
ulating at least one of said first and second out- 
puts, including: 

5 an average input current sensing circuit that 

senses a current flowing through a switch to be 
controlled in said multiple output power con- 
verter and develops therefrom an intermediate 
signal that is a function of an average of said 

w current, and 

an input voltage feedfonrtf-ard circuit, coupled 
between said input and said average input cur- 
rent sensing circuit, that adjusts said interme- 
diate signal based on an input voltage of said 

^5 multiple output power converter to develop a 

control signal that is a function of both said input 
voltage and said average of said current there- 
by to allow trailing edge control to be employed 
to control an output of said multiple output pow- 

20 er converter. 

10. An SSPR as claimed in claim 1 or a converter as 
claimed in claim 9 wherein said average input cur- 
rent sensing circuit comprises: 

a current sensor that senses said current flow- 
ing through said switch: and 
a charge storage device, coupled to said cur- 
rent sensor, that accumulates charge as a func- 
^0 tion of a magnitude of said current, a voltage of 

said charge storage device indicating said av- 
erage of said current. 

11 . An SSPR or converter as claimed in claim 1 0 where- 
35 in said average input current sensing circuit com- 
prises a reset switch that intermittently discharges 
said charge storage device. 

12. An SSPRorconverter as claimed in claim lOwhere- 
^0 in said average input current sensing circuit com- 
prises a diode that blocks a reverse flow of said 
charge from said charge storage device to said cur- 
rent sensor. 

45 13. The multiple output power converter as recited in 
claim 9 wherein said first output circuit comprises a 
trailing-edge-controller 

14. An SSPR as claimed in claim 1 or a converter as 
50 claimed in claim 9 wherein said input voltage feed- 
forward circuit comprises a scaling resistor that 
scales said input voltage of said multiple output 
power converter. 

55 15. An SSPR as claimed in claim 1 or a converter as 
claimed in claim 9 wherein said SSPR comprises a 
pulse width modulation (PWM) drive circuit that de- * 
velops a PWM signal based on said control signal. 
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